BEDNÁŘOVÁ, E., KUČERA, J., MERKLOVÁ, L.: The onset and duration of vegetative phenological stages in European beech (Fagus sylvatica L.) under changing conditions of the environment. Acta univ. agric. et silvic. Mendel. Brun., 2010, LVIII, No. 4, pp. 23-30 A phenological study on the onset and duration of particular phenological stages of European beech (Fagus sylvatica L.) was carried out using sample trees growing in a research area of the Faculty of Fores try and Wood Technology, MENDELU Brno for a period of 17 years (1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007). The paper describes the onset and duration of particular phenological stages depending on eff ective temperatures. In spring phenological stages, the high dependence was proved on air temperatures. To evaluate temperature requirements of studied species the cumulative sum of temperatures which activated the beginning of a respective phenological stage was used. It is evident that the onset and the course of particular phenological stages were very variable being subject to the eff ect of temperature changes, particularly in the spring season. In recent years, the earlier onset is noted of spring phenological stages and the length of their duration shortens. Eff ects of temperature on the onset and duration of the stage of budbreak and the beginning of foliage became evident in European beech most marked ly. 2007 was a very extreme year from the aspect of the early onset of spring vegetative phenological stages. In that year, a marked shi was noted in the onset of particular staged as compared to previous years. To specify phenological observations, records of phenological data of a camera placed in the central part of a crown were used. Results obtained show that some spring phenological stages take only several hours, which corresponds with higher temperatures during spring months in last years. In the area described, higher temperatures were measured even in autumnal months as compared with a long-term average. Owing to high temperatures in the pre-dormancy period, the extension of a growing season occurs and thus also shortening the dormancy playing an irreplaceable role in forest trees. Shortening the dormancy can result in the disturbance of physiological processes and subsequently the decline of trees. phenological stages, climatic changes, weather, temperature sum, vegetative period, European beech, forest tree species A period of the onset and duration of phenological stages of forest trees is to a great extent de pen dent, except genetic factors, on outside conditions, particularly on meteorological factors. The beginning of fl ushing, leaf unfolding, bud developing and fl owering is usually possible when the air and soil temperature exceeds a certain critical point characteristic of every life stage of the plant cycle (LARCHER, 1995; BEDNÁŘOVÁ, KUČERA, 2002) . "Temperature sum" is the accumulated temperature above a certain threshold value from a certain starting date calculated by the progressive addition of mean daily temperatures. For the calculation of temperature sums, most commonly a threshold value is used, which defi nes the beginning of the thermal growing season, usually 5 °C. The temperature sum during the growing season is referred to as an eff ective temperature sum (LAPPALAINEN, 1994; DIEKMANN, 
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MATERIAL AND METHODS
Monitoring the phenology of European beech (Fagus sylvatica L.) is carried out at this locality since 1991. To specify data obtained, the study was completed (in 2007) by data aimed at monitoring spring phenological stages using a camera system. The research area is situated on the NE to E slope of a watershed ridge at an altitude of 625 m, the Drahanská vrchovina Upland geographical unit. The research area is determined by coordinates 16° 41´ 30´´ E long. and 49° 26´31´´ N lat. Climatically, the area is characterized as slightly warm and slightly humid with a long-term annual temperature 6.6 °C and 683 mm annual precipitation (KOLEKTIV, 1992) . The actual situation of the locality is characterized on a Fig. 1 . Phenological observations were carried out according to adapted methods of the ČHMÚ (Czech Hydro-Meteorological Institute) (1987) in nine selected sample trees. During the spring season (March to June), phenological observations are carried out 3 times a week. In the summer and autumnal season, once a week. To a date of particular phenological stages, an ordinal number was assigned of a day from the beginning of a calendar year. To each of the phenological stages, sums of mean daily air temperatures were calculated at a threshold value of 0 °C and 5 °C (TS 0 °C, TS 5 °C) and sums of the soil temperature at a threshold value of 0 °C and 3 °C (TSp 0 °C and TSp 3 °C). In the monitored stand, sensors are installed to measure air temperature (Datalogger Minikin T) on the lower limit of the tree crown. The soil temperature at depth of 25 cm (Microlog SP), are another measured characteristic. Parameters of the environment are characterized using instruments of the Environmental Measuring System, Brno (EMS Brno).
Camera -a programmable photographic modu le used for the detailed monitoring of pheno- logical stages includes a modifi ed digital ca me ra BENQ E 310 and a controlled microprocessor unit. The camera was placed in the central part of the crown of sample trees of beech. The photography was carried out in 1-hour intervals between 9 and 18 hours. By means of the camera, the onset and course of phenological stages were documented from the stage of buds in winter until the fully de velo ped leaf area when the leaf apparatus is quite photosynthetically active.
RESULTS AND DISCUSSION
The presented study of phenological stages in beech (Fagus sylvatica L.) shows a considerable varia bi li ty in the onset and duration of phenological stages. To characterize phenological data for a period 16 years (tab. I)), following parameters were calculated: arithmetical mean, maximum and minimum values, variation range and standard deviation.
Variability in the onset and duration of phenological stages in beech becomes evident particularly in spring phenological stages, which also corresponds with results of studies of SCHIEBER (2006). Due to warming, the more frequent onset of fl ushing occurs and the period of duration of particular stages shortens. This fi nding has been also proved in the presented paper. In recent years, some phenological stages cannot be noted by mere monitoring because they take only several hours (Fig. 2) .
In this year a very short period was found of the duration of particular phenological stages using the special camera monitoring, which is evident from the applied photographic documentation (Figs. 3-7) . On the basis of previous results we can state that the mean time of fl ushing (10%) for the period 1991-2006 was the 104 th day from the beginning of the year at the sum of eff ective air temperatures TS5 = 53.00 °C. In 2007, the onset of fl ushing occurred already the 95 th day (Fig. 3) . The beginning of fl ushing in this year was aff ected by the sum of air temperatures TS5 = 36.00 °C and TS0 = 259.00 °C. the beginning of the year (Fig. 4) (Fig.7) at the sum of air temperatures TS5 = 175.00 °C and TS0 = 537.50 °C. Sums of soil temperatures reached TSp0 = 531.90 °C and TSp3 = 193.15 °C in this period. In 2007, the leaf area of beech reached its fi nal size the 149 th day. The onset and course of spring phenological stages is dominantly determined by the winter termination character and by the onset of spring warming. The character of weather in the spring season can show variable nature when a warm period changes with a very cold period and late fl ushing occurs (DITTMAR, ELLING; 2006) . Autumnal phenological stages are cha ra cte rized by termination of the photosynthetic ac ti vi ty of a leaf area. The gradual yellowing of leaves is process taking more days. Based on results of many authors it is evident that the autumnal yellowing of leaves begins in our conditions at the beginning of September, the fi rst leaf-fall occurs at the end of September until the beginning of October and the total fall of leaves occurs generally in November (ŠTEFANČIK, 1997). The onset and duration of autumnal phenological stages are conditioned not only by air and soil temperatures before the onset of a monitored stage but also by precipitation conditions of the monitored locality as mentioned by CHALUPA (1969) . At the monitored locality, the beginning of leaf yellowing from 10% (for the period 1991 to 2006) occurred the 271 st day at the sum of temperatures TS5 = 1709.80 °C. The beginning of this stage was characterized during the 16-year period by the highest variability of all phenological stages (Tab. I). In 2007, the onset of the stage of leaf yellowing (10%) was noted the 258 th day at the sum of eff ective temperatures TS5 = 1608.00 °C and TS0 = 2639.00 °C. The phenological stage of leaf yellowing (100%) was characterized for the 16-year period by the very small range of only 19 days. It began on average the 297 th day at the sum of temperatures TS5 = 1833.60 °C. In 2007, the 100% yellowing of leaves was noted the 289 th day at the sum of eff ective temperatures TS5 = 1745.00 °C and TS0 = 2935.00 °C. The onset of leaf-fall (10%) occurred the 293 rd day at the sum of eff ective temperatures TS5 = 1827.70 °C. In 2007, the onset of leaf-fall of beech occurred the 271 st day at the sum of eff ective temperatures TS5 = 1678.00 °C. The total leaffall (100%) occurred (long-term average) the 311 th day from the beginning of the calendar year at the sum of temperatures TS5 = 1858.40 °C. In 2007, this phenological stage occurred the 309 th day at the sum of temperatures TS5 = 1762.00 °C. Fig. 1 shows that from 1991 to 2007, gradual increasing the air temperature occurred throughout the year particularly in the growing season, which aff ected the earlier onset of spring phenological stages, shortening their duration and extending the growing season with higher temperatures in autumnal months. Worldwide studies on changes in the phenology of plants show a shi in the onset of phenological stages and the start of growth at medium and higher locations in an earlier spring season and at the same time, extending the growing season occurs (MENZEL, DOSE, 2004; KOCH, et al., 2005) . This situation is also evident from the monitored onset and duration of phenological stages on the evaluated research plot in the region of the Drahanská vrchovina A close relationship between the onset of phenological stages and air temperature in a period before the onset of monitored stages is demonstrated by calculated negative correlation coeffi cient. The dependence of budbreak on air temperature became evident most markedly in European beech. In monitored tree species, correlation coeffi cient was statistically signifi cant ( > 0.001). Dependence between the onset of phenological stages and air temperatures where R 2 = 0.923 (y = −4.097*x + 129.9). Determined correlations correspond with the results of other authors. ŠKVARENINOVÁ (2003) evaluated the phenological observations of forest tree species of the Zvolen upland and mentioned the earlier onset of phenological stages by 9 days. SCHIEBER (2006) also stated that the trend of the average onset of leafi ng showed a shi to earlier dates by about three days. MENZEL (2002), SPARKS et al. (2006) reported a high correlation between air temperature in spring months (March, April) and phenological stages of foliage and fl owering of plant species and always more frequent onset of phenological stages due to increasing temperatures. chu. Tento stav může mít za následek prodlužování vegetačního období a následně narušování fyziologických funkcí. Z lesnického hlediska je velmi důležitá délka období, po kterou mohou lesní dřeviny vytvářet nové asimiláty. Výrazné prodlužování vegetační doby následkem oteplování však může mít za následek spotřebování vytvořených asimilátů, zkrácení odpočinkového období a zimního klidu. Prodlužování vegetačního období v dlouhém časovém úseku může vyvolávat u dřevin jejich chřadnutí. Výsledky dlouhodobého fenologického monitoringu lesních dřevin mohou pomoci při zhodnocení stavu lesních porostů v souvislosti s očekávanými klimatickými změnami.
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